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The following honours thesis analyzes a databse of reported car accidents with a total of 381,409 
observations. The database compiled by the insurance company “La Boliviana Ciacruz S.A” has a 
timeline of 10 years from 2006 to 2016. The main purpose of the thesis is to find risk profiles that 
characterize certain clients’ vehicles and expose how much riskier these clients’ vehicles are 
compared to others. Comparative tables have been developed in order to make the analysis easier 
to read. Furthermore, the final results of the thesis raise the question of whether the risk profiles 
























I.   Introduction 
 
This Honours Thesis analyzes the insurance company “La Boliviana Ciacruz de Seguros y 
Reaseguros S.A.” The two main purposes of the Thesis are first, to find risk profiles that 
characterize certain clients’ vehicles and expose how much riskier these clients’ vehicles are 
compared to other clients’. To create these risk profiles, different scenarios have been created. 
These scenarios are combinations of different exposures, increasing or decreasing the probability 
of a car accident compared to a given baseline. These exposures are characteristics of the vehicle, 
such as the years of the vehicle, the brand, the type, the city of circulation, the insured value and 
the colour. 
The second purpose is to create statistics and descriptive data to have a better understanding 
of how the characteristics of the vehicles behave when interacting with each other and with respect 
to an accident.  
The Thesis is distributed as follow: Section II. covers the context in which the company 
operates and gives background to familiarize the reader with the company and Bolivia. Section III. 
describes the database and the independent variables (exposure variables) that will be used in the 
model. Section IV. covers the descriptive section of the Thesis, analyzing and taking percentages 
of the most relevant variables with respect to the accidents. In Section V. the LOGIT model is 
conducted as well as a description of the expected results. In Section VI. observed results are 
interpreted. Section VII. presents a comparison between observed results and prior expectations. 
In Section VIII. the conclusions of the thesis are presented. And finally, in Section IX. the 




I.   Context 
“La Boliviana Ciacruz de Seguros y Reaseguros S.A.” is one of the biggest insurance 
companies in Bolivia. The company was created in 1946 with a central office in La Paz, Bolivia.1 
“La Boliviana Ciacruz de Seguros y Reaseguros S.A.” is a former subsidiary of Zurich Insurance 
Group AG2.  
To have a better understanding of the context in which “La Boliviana Ciacruz de Seguros y 
Reaseguros S.A.” operates, it is useful to have a background of Bolivia.  
Bolivia is a developing country in South America, with a population of eleven million. It has 
one of the most chaotic traffics in the world3, increasing substantially the likelihood of a car 
accident. A chaotic traffic increases not only the likelihood of an accident but also the probability 
of the insured being sued by a third party when involved in an accident. Even the most basic traffic 
rules in Bolivia, such as the pedestrian crossing, red lights, speed limits and many others are 
violated in a daily basis.   
Moreover, Bolivia has a crime index of 56.50 and a safety index of 40.504. A crime index of 
56.50 where 100 would represent no crime at all, increases the likelihood of having the whole car 
or part of the car stolen.  
Therefore, it is safe to assume that operating an insurance company in Bolivia can be quite 




                                                      
1 “La Boliviana Ciacruz” webpage: http://www.lbc.bo/default.aspx 
2 “La Boliviana Ciacruz” webpage: http://www.lbc.bo/default.aspx 
3 National Institution of Statistices (INE (Instituto Nacional de Estadistica) webpage: http://www.ine.gob.bo/ 
4 World Bank Data Base: http://data.worldbank.org/indicator/IC.FRM.BRIB.ZS?locations=BO&view=chart  
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II.   Data and Variables 
The dataset has a total of 381,409 observations. The variables that will be used in Sections VI. and 
V are described below. It is important to mention that the vast majority of these variables are 
dummy variables, given that many of them are categorical variables. 
1.   Total Premium:   
The amount of money the insured must pay to the company for an insurance policy each 
year. The total premium is considered the income for the company, and also represents a 
liability in that the company must provide coverage for claims being made against the 
policy5. 
2.   Total Insured value:  
The maximum amount of money that the insurance company will pay if and when the 
vehicle has suffered a total or partial loss, depending on the terms of the respective policy. 
The vehicles' insured value can either be its replacement cost or its market value6. 
3.   City:  
The city where the car is running the vast majority of the time. The variable “City” has six 
categories: La Paz, Santa Cruz, Cochabamba, Tarija, Trinidad, and Others. 
4.   Years of the Vehicle:  
This variable has three categories: 0km, between 1 and 20 years and more than 20 years.   
5.   Type of car:  
This variable has three categories: Pick up trucks, Transport trucks, Automobile, SUV’s 
and Others 
                                                      
5 Fundamentals Of Corporate Finance, Seventh Canadian Edition, Ross, Westerfield, Jordan, Roberts 
6 Fundamentals Of Corporate Finance, Seventh Canadian Edition, Ross, Westerfield, Jordan, Roberts 
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6.   Brand of the car:  
This variable has six categories: Luxurious, Mitsubishi, Nissan, Suzuki, Toyota, and 
Others. 
7.   Colour of the Car: 
This variable has twelve different categories: Yellow, Orange, Blue, Calypso, Cranberry, 
Red, Green, White, Black, Silver, Beige, and Others. 
8.   Origin: 
The variable “Origin” refers to where does the car come from originally. It has two main 
categories: “Original” and “Transformer”. The context of these categories will be fully 
explained in Section IV. 
9.   Probability of Car Accident:  












III.   Descriptive Data 
Before starting with the description of the database is important to state that from this point 
forward independent variables will now be referred as “exposures”. 
Data descriptive figures and charts have been created against the probability of an accident so 
that there is a more intuitive perspective on how these exposures behave with respect to the 
occurrence of an accident, as well as to have parameters of comparison. Analyze statistics of the 
relevant exposures will help create expectations prior to the model conduction.  
For the probability of an accident, it is interesting to look at each of the variables that may 
increase or decrease the probability of an accident and analyze their statistics. From the total 
number of insured vehicles, eleven percent of them have had an accident. Therefore, the majority 
of this section will be focused on this eleven percent.  
Variables of interest:  
a)   Brand:  
The brand of the car can be a factor that increases or decreases the likelihood of a car 
accident. For example, expectations will be that a person who buys a Luxurious car 
such as a Porsche is more likely to have an accident than someone who buys a Suzuki. 
An intuitive explanation for this lies in the fact that a Porsche can go much faster than 
a Suzuki because of the engine and other unique characteristics of the car, increasing 
the likelihood of an accident. For this analysis, the variable brand has been separated 
into six categories: Luxurious, Toyota, Nissan, Suzuki, Mitsubishi, and Others. These 
brands together have sixty-eight percent of the total accidents and all the “Other” 
brands have thirty-two percent of the total accidents.  
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Despite expectations of Luxurious cars having a greater probability of an accident, the 
data shows that the brands with most of the accidents are: Toyota (23%), Nissan (17%) 
and Suzuki (15%). Luxurious accounting only with the 4% of the total of accidents. 
(See Figure 1.) 
 
Figure 1. Relationship between Accidents and Brands 
 
 
Moreover, Figure 2. shows the respective percentage of each of the brand categories with 
their correspondent percentage share of the total number of accidents. It is clear from 
Figure 2. that Toyota has the highest percentage of the total number of insured vehicles 
with a 21 percent. Out of this 21 percent, 23 percent of them have had an accident. On the 
other hand, out of the 4 percent of the total Luxurious vehicles, only the 4 percent of them 
have had an accident. These are nevertheless, relative terms. Even tough, Toyota has the 







Relationship between Accidents and Brands
Luxurious Mitsubishi Nissan Suzuki Toyota Others
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majority (21%) are Toyota vehicles. Therefore, one cannot assume that Toyota is a more 




b)   Type of the vehicle:  
The vehicle type is a variable that is important to take into consideration when looking at 
the probability of an accident. The database is filtered in five main vehicle types: 
Automobiles, SUV’s, Pick Up Trucks, Transportation Trucks, and Others. The database 
has been filtered in five categories since these four types represent the majority of the 
                                                      













Toyota Nissan Suzuki Mitsubishi Luxurious Others
Brand Share of the percentage share of accidents
Percentage share of the total number of accidents
Percentage share of the total numer of insured vehicles
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vehicles insured by the company with 75 percent and the category “Others” representing 
only 15 percent of the insured vehicles.  
SUV’s vehicles account for the majority of the vehicles insured by the company with a 35 
percent followed by Pick-Up Tracks with 20 percent, Transportation Tracks with 18 
percent, Automobiles with 12 percent and Others with 15 percent. (See Figure 3.) 
To have a more insightful representation of the relationship between the vehicle type and 
the accidents, a chart showing the percentage of the vehicle type and its respective accident 













Vehicle types insured by the company






Out of the 11 percent of accidents, 46 percent of them come from SUV’s, followed by 
Pick-Up Trucks with 22 percent, Automobiles with 20 percent, Transportation Trucks with 
7 percent and Others with 5 percent.  
To analyze the relationship between accident, vehicle type, and brand, a percentage table 
has been created. (See Table 1.)  
 Table 1. shows the relationship between accidents, brands and the type of vehicle. For 
example, from Figure 1. we know that 23.4 percent of the total accidents come from Toyota 
vehicles and from Figure 4. we know that 46 percent of the total accidents come from SUV 
type of vehicles, from this 46 percent, 25 % are Toyota Vehicles.  
For illustration purposes, the highest percentage of each brand category (columns) has been 
highlighted with yellow, in other words, the type of vehicle in which each brand has had 
most of its accidents. For example, Suzuki vehicles have had most of their accidents (26%) 
in the category “Others” of types of vehicles. The highest percentage of each Type 






Percentage share of accidents by vehicle type
SUV's Pick-Up Trucks Automobile Transportation Trucks Others
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certain type of vehicle has had most of its accidents. For example, SUV’s type of vehicles 
has had most of its accidents from Toyota vehicles (25%).  
Finally, it has been highlighted with blue when the vehicle type and the vehicle brand 
coincided with its respective highest percentage.  For example, most of the accidents of 
Toyota vehicles have happened to Pick-Up Trucks vehicles (73%), and most accidents of 
Pick-Up Truck are coming from Toyota vehicles. 
Table 1. 
 
Before analyzing the variables of Colour, Cities and the Years of the Car, one interesting 
observation has to be mention. As mentioned before the variable “brand” has four main 
categories: “Nissan”, “Mitsubishi”, “Suzuki”, “Toyota” and “Others”. The vehicle brand variable 
has been filtered this way because 68% of the accidents came from vehicles that are either Nissan, 
Mitsubishi, Suzuki or Toyota, and 32% are a mix of different brands. Nissan, Mitsubishi, Suzuki, 
and Toyota are all Japanese brands. Therefore, 68% of the accidents come from Japanese vehicles. 















Trucks (7%) 73% 5% 0% 13% 4% 5% 
Others (5%) 47% 8% 26% 9% 4% 6% 
Pick-Up Truck 
(22%) 25% 38% 1% 24% 0% 12% 
SUV's (46%) 23% 25% 19% 17% 5% 11% 
Automobile 
(20%) 40% 14% 23% 12% 7% 4% 
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“Transformers” are Japanese vehicles that are imported directly from Japan and once they arrived 
at the “free zone”8 in Bolivia they are “transformed”. 
In Japan, cars are built to be driven on the right-side, in Bolivia cars have to be driven on 
the left-side, therefore when cars that have been built to be driven in Japan arrive in Bolivia, their 
entire system has to be changed. Once the vehicles’ system is changed they are sold at given away 
prices in Bolivia. This transformation takes place in the free zone between Chile and Bolivia, the 
problem is that sometimes the transformation is not properly done and can cause problems when 
driving the vehicle, this is the main reason why these cars are a bargain. There is a total of 7015 
transformer vehicles that are insured by the company. Nevertheless, as an investigation by the 
Chilean Government in 20159 revealed, every month more than 300 transformer vehicles cross the 
Bolivian frontier from the free zone. The majority of these vehicles cross the frontier around 4 am, 
these are illegal importations. Therefore, the vast majority of these cars are not insured. With this 
information, it will be interesting to see the percentage of accidents coming from insured 
transformer vehicles. 
c)   Origin: This variable has two categories: “Transformer” and “Original”. To analyze 
the relationship between accidents and the origin of the vehicle, the main focus will be 
on the transformer vehicles and its statistics. From Figure 5: out of the 7015 insured 
transformer vehicles, 50% are Toyota vehicles, followed by Nissan with the 17%, 
“Others” with the 13%, Mitsubishi with 10% and Suzuki with 9%. (See Figure 5.) 
 
                                                      
8 Bolivian News Journal: “La Razon”: http://www.la-razon.com/economia/Norma-solo-podran-ingresar-autos-antiguedad_0_2391960819.html 





Focusing in the accident occurrence of transformer vehicles only, out of the 7015 
transformer insured vehicles, 873 of them have had an accident (12% of the total). From 
these 873, 52% are Toyota transformer vehicles. It is important to acknowledge that even 
though Toyota Transformer vehicles are half of the total of the insured cars. For every 10 
Toyota Transformer Vehicles, more than 5 have had an accident. (See Figure 6.) 
This statistic can open discussion to a very controversial topic in Bolivia, transformer 
vehicles might not be the safest. But even more important, the majority of the transformer 
















d)   Colour:  
The colour of the car has always been an important variable for insurance companies 
to help them determine the probability of an accident for an insured. Several studies 
have shown that red vehicles have a higher insurance rate than other colour vehicles. 
This is because individuals that have red cars have shown themselves to be risk takers.10  
There is a total of 49,548 red colour vehicles that are insured by the company out of 
these 49,548, 7.2% have had an accident. To see whether colour plays an important 
role in the pricing of the company, a table has been created to see the relationship 
between the colour of the vehicle and its correspondent premium on average. (See 
Table 2.)  
                                                      









Mitsubishi Nissan Suzuki Toyota Others
Relationship Between Percentage of Transformer vehicles & percentage of 
accidents 
% of Accidents
% of Transformer Vehicles
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Colours have been divided into 15 categories: Yellow, Orange, Blue, Calypso, 
Cranberry, Purple, Multicolour, Pink, Red, Green, White, Black, Silver, Beige, and 
Others. 
Against all expectations for this company, red vehicles have the lowest premiums on 






















The Total Average Premium is 449 USD.  Leaving Red, Pink, Purple, Blue, Calypso, 
Multicolour and Cranberry below the average premium and Black, Beige, White, Silver, 






To further analyze the vehicle colour and its relationship with an accident, it is interesting 
to see the percentage of the vehicles of a particular colour that have had an accident.  
The vehicles that have had the highest percentage share of the total number of accidents 
are white vehicles with 27% of the total number of accidents (See Table 4.) This result is 
to be expected given that white vehicles account for 33% of the total number of vehicles 
insured by the company.   
Moreover, one interesting statistic is that red vehicles are in fourth place with 10% of the 
total number of accidents. Black, silver, and red have approximately the same number of 
vehicles insured by the company, therefore assuming that white vehicles are supposed to 
have the highest percentage share of the accidents, red vehicles have the second highest 
percentage share of the total number of accidents, after black and silver vehicles with the 



























% of the 
Total  
Accidents 




White 27% 34%	  
Black 16% 6%	  
Silver 16% 15%	  
Red 10% 14%	  
Blue 9% 10%	  
Green 7% 7%	  
Beige 6% 4%	  
Cranberry 4% 4%	  
Yellow 2% 3%	  
Orange 1% 1%	  
Others 1% 1%	  
Calypso 1% 1%	  
Note. It is important to notice that even though black cars have one of the highest shares 
of the total number of accidents, it has one of the lowest percentages of insured cars in the 
company. Only the six percent of insured vehicles by the company are black, and they 
account for the sixteen percent of the total number of accidents. 








2% 1% 1% 1%
White Black Silver Red Blue Green Beige Cranberry Yellow Orange Others Calypso
Percentage of Accidents per Colour
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Finally, comparing Figure 7. and Figure 8. Orange and Yellow vehicles have the highest 
premiums on average, nevertheless, they have the lowest percentage share of the total 
number of accidents with 1%.  Red vehicles have the lowest premiums on average, 
nevertheless, they have had 10% of the total number of accidents. As explained before, the 
colour variable has not been taking into account when measuring risk and setting risk rates.  
As the Risk Manager of “La Boliviana Ciacruz S.A” Santiago Bustillos explains: 
“Currently in Bolivia, no insurance company has been able to fully develop a pricing 
model that takes into account: the colour of the car, the level of education of the client, 
profession, gender, etc. The reason behind this is the strong bargain power of the market”  
e)   Cities:  
When analyzing probabilities, the vehicle’s city is a risk factor when calculating the 
probability of an accident.  
There is a total of nine cities in Bolivia, nevertheless, 85% of the insured vehicles are 
circulating in three of the main cities: La Paz, Santa Cruz and Cochabamba, the other seven 
cities have been put together as “Other”.  
Santa Cruz has the highest percentage of accidents, which is to be expected since Santa 
Cruz has 40% of the total number of vehicles insured by the company. Out of this 40%, 
46% of them have had an accident. La Paz has the second highest percentage share of 
accidents with 26%, followed by Cochabamba with 14% and the other cities with 15% of 
the total number of claimed accidents (See Figure 9.) 
Understanding the context of Santa Cruz is crucial to understand why it has the highest 
percentage share of accidents. Santa Cruz has had in 2016 35% of the total number of 
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accidents in Bolivia11, the constant violation of speed limits, lack of transit education, as 
well as drivers being under the influence of alcohol are the main reasons why Santa Cruz 
has the highest percentage of accidents in the country.12 
Figure 9. 
 
f)   Years of the Car:  
How old the vehicle is can contribute to the likelihood of an accident. On the one hand, 
0km vehicles have better technology, making the vehicle faster and hence more likely to 
have an accident. On the other hand, old vehicles may have malfunctions and are more 
likely to, for example, have issues with the brakes, increasing the probability of having an 
accident.  
For this statistic, the variable “Years of the car” has three categories: 0km, between 0 and 
20 years and more than 20 years13.  
As expected 82% of the insured cars are between 0 and 20 years, 9% are 0km and 8% are 
more than 20 years.  
                                                      
11 News Journal: “Pagina 7”, http://eju.tv/2016/01/santa-cruz-encabeza-lista-de-accidentes-de-transito/ 
12 Transit Bolivia Report. 2016  
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Given that 82% of the insured cars are between 0 and 20 years, naturally, the majority of 
the accidents will be in this category. It is interesting however to see whether the “0km” 
vehicles have a higher percentage of accidents than the “more than 20 years” vehicles.  
0km vehicles have the highest percentage of accidents with 15% and “more than 20 years” 
vehicles have a percentage of 3% (See Figure 10.) 
“0km” and “More than 20 years” are comparable given that they have approximately the 
same number of vehicles.  














IV.   Model 
To evaluate and create different risk profiles, a LOGIT model has been conducted and with 
it odds ratios with exposures on the probability of an accident have been obtained.  
For the model the probability of an accident depends upon the combinations between the 
type, the brand and the city of the vehicle and the variables below, as well as combinations 
between each other: 
-   Vehicle type: Automobile, Transportation Truck, Pick-Up Track, SUV’s and Others 
-   Colour: Yellow, Orange, Blue, Calypso, Cranberry, Red, Green, White, Black, Silver 
and Beige 
-   Years of the vehicle: 0km, between 0 and 20 years and more than 20 years 
-   Brand: Nissan, Mitsubishi, Toyota, Suzuki, Luxurious and Others 
-   City of Circulation: La Paz, Santa Cruz, Cochabamba, Tarija, Trinidad and Other 
-   Insured value: The vehicles' insured value can either be its replacement cost or its 
market value, depending on the insurance policy 
Expectations on the results 
Type of the Car:  
As seen from Section IV. a vast majority of the accidents come from SUV’s, therefore a 
positive and strong relationship is expected for SUV’s vehicles. With regards to Pick-Up 
Trucks and Automobile, a positive relationship is also expected but with a lower impact 
Colour of the Car:  
With regards to this variable, the colour White, Black, Silver, and Red are expected to have 
a positive relationship and a strong impact on the probability of an accident.  
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Years of the vehicle:  
A positive and strong relationship is expected with vehicles that are 0km. 
Brand: 
Given that the majority of the insured cars are Toyota, and that Toyota has the largest 
percentage of the accidents. A positive relationship between the probability of an accident 
and the brand Toyota is expected. A negative relationship between the “other” category of 
the brands and the probability of an accident is also expected. 
City: 
A positive and strong relationship is expected between the cities of Santa Cruz and La Paz 
and the probability of an accident. For the city of Cochabamba and the rest of the cities in 
Bolivia, a positive but weaker relationship is expected between them and the probability of 
an accident 
V.   Results and Interpretation 
Odds Ratios  
To be able to create risk profiles, the interpretation of the odds ratio is critical. The odds ratio is a 
measure of association between an exposure and an outcome14. 
Moreover, the odds ratio represents the odds that the accident will happen given particular 
exposures (type, color, brand, etc.) compared to the odds of the accident in the absence of such 
exposures. 
                                                      
14 Basic Econometrics, Fourth Edition, Damodar N. Gujarati 
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For this particular research, the odds ratio is used to determine whether combinations of particular 
exposures are risk factors that increase the likelihood of an accident compared to a baseline 
exposure.  
The first main exposure will be the Type of vehicle against the insured value of the vehicle, the 
city where the insured runs the car, the years of the car, the vehicle brand, and the vehicle colour. 
The second main exposure will be the Brand of the vehicle against the insured value of the vehicle, 
the city of circulation, the vehicle type, the years of the vehicle and the vehicle colour. 
And finally the third main exposure will be the City of the vehicle against: the insured value of the 
vehicle, the type, the brand, the years and the vehicle colour. 
When an exposure or a combination of exposures is non-significant it will be abbreviated with 
“(NS)” next to it. This abbreviation will be implemented throughout the Thesis.  
1)   Main Exposure: Type of the car 
Independent effect  
-   Insured value:  
For every one-dollar increase in the insured value of a vehicle, the probability an 
accident increases a 15%.  
-   Type: 
The types Automobile, Pick-Up Truck, SUV and Transportation Truck will be 
compared to the type baseline: “Other”. The “Other” category includes types of 
vehicles not represented by the previous four categories, vehicles such as motorcycles, 
vans, etc. 
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Automobile:  Compared to the type “other”, the probability of an accident for an 
automobile is 6.84 times higher. (NS) 
Pick-Up Truck: For Pick-Up Trucks the probability of a car accident is 1.99 times 
higher than for the “other” type 
SUV: Compared to the type “other”, the probability of an accident for an SUV is 3.23 
times higher. 
Transportation Truck: For Transportation Trucks the probability of a car accident is 
0.17 times lower than for the “other” type 
 
Combinations for the exposure of Type: Risk Profiles  
Five separate categories exist to represent the type of car: Automobile, Pick-Up Truck, 
SUV, Transportation Truck, and Other. The “Other” category includes types of vehicles 
not represented by the previous four categories, vehicles such as, “Motorcycles”, “Vans”, 
etc. 
The exposures: colour, brand, years and city will have one category that will be the baseline 







Risk Profile: Type and Insured Value 
Table 4.  
  Type       
  




dollar increment in 
the insured value 
of the vehicle, the 
probability of an 
accident for an 
automobile is 0.88 





in the insured 
value of the 
vehicle, the 
probability of an 
accident for a 
Pick-Up Truck is 
o.97 times higher 






in the insured 
value of the 
vehicle, the 
probability of an 
accident for a 
SUV is 0.92 times 




in the insured 
value of a 
vehicle, the 
probability of an 
accident for a 
Transportation 
Truck is 1.11 
times higher than 




Risk Profile: Type and Colour 
The first risk profile analyzes the impact of two exposures, vehicle colour, and vehicle type, on 
the probability of an accident. Here, vehicle type is the main exposure and the one to be combined 
with all the other exposures. The numerous combinations of vehicle colour and vehicle type yield 
different odds ratios, ratios are critical to the analysis. To understand how to read Table 5, one 
must note that an increase or decrease in the probability of an accident for the different colour and 
type combinations is relative to a baseline exposure.  The baseline exposure designates “White” 
for the colour of the car. For example, the probability of an accident for a yellow automobile car 
is 1.12 times higher than for a white automobile. In other words, an yellow automobile has a 
probability 12% higher than a white automobile. (See Table 5.)  
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After analyzing the impact of car colour and type on the probability of an accident, the different 
risk profiles can be divided into four categories. The 3 categories, high risk, moderate risk, and no 
risk, are shown by different shades of colouring. 
Table 5. 
    Type       
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Risk Profile: Type and City 
The next risk profile analyzes the impact of vehicle type and city on the probability of an accident.  
In this case, the baseline city is “La Paz”.  For example, the likelihood of an accident for an 
automobile in Santa Cruz is 1.27 times greater than for an automobile in La Paz. In other words, 
it is 27% more likely for an automobile to have an accident in Santa Cruz than it is to have an 
accident in La Paz. (See Table 6.) 
 The relative riskiness of the different combinations of vehicle type and city is again highlighted 
by colour gradients.  
For example, the likelihood of an accident for a Transportation Truck in Trinidad is 1.87 times 
greater than for Transportation Truck in La Paz. In other words, it is 87% more likely for a 
Transportation Truck to have an accident in Trinidad than in La Paz. Therefore, a Transportation 
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Probability of a 
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is 1.23 times 
higher. 
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is 1.18 times 
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is 1.26 times 
higher. 
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Probability of a 
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higher. 
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is 1.30 times 
higher. 
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is 1.35 times 
higher. 
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1.61 times higher 
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1.49 times 
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car accident is 
1.41 times higher 
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1.16 times higher 
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1.28 times 
higher 
Probability of a 
























is 1.30 times 
higher. 
 
Risk Profile: Type and Brand 
The next risk profile analyzes the impact of vehicle type and brand on the probability of an 
accident. In the case, the baseline brand is “Toyota”. Toyota is chosen as the baseline brand 
because Toyota is the brand that the company insures the most, and therefore, has the most 
accidents. Using Toyota as the baseline brand, one can infer that the probability of an accident for 
a Suzuki Transportation Truck is 11.4 times greater than for a Toyota Transportation Truck. 
Therefore, Suzuki Transportation Trucks should have a very high risk profile. (See Table 7.) 
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 Again, the relative riskiness of the different combinations of vehicle type and brand are 
highlighted by colour gradients.  
Table 7. 
    Type       



















































































































is 0.79 times 
lower. (NS) 
 
Risk Profile: Type and Years:  
Finally, the next risk profile analyzes the impact of vehicle type and the years of the vehicles on 
the probability of an accident. In this case, the baseline exposure designates “Between 0 and 20 
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years” for the years of vehicle. Using “Between 0 and 20 years” as the baseline for years of the 
vehicle, one can infer that the probability of an accident for a 0km automobile is 1.46 times 
greater than for an automobile within the “Between 0 and 20 years” category. Therefore, is 46% 
more likely for a 0km automobile to have an accident than for an automobile within in the 
“Between 0 and 20 years” category. (See Table 8.) 
Again, the relative riskiness of the different combinations of vehicle type and brand are highlighted 
by colour gradients.  
 It is important to note that 0km vehicles of any type will always have a greater chance to have an 
accident than none 0km vehicle. 
Table 8. 
    	  	   Type     
Base Years: Between 0 and 20 Automobile Pick-Up Truck SUV 
Transportation 
Truck 




a car accident  
is 1.46 times 
higher. 
Probability of 
a car accident  
is 1.55 times 
higher. 
Probability of 
a car accident  
is 1.29 times 
higher. 
Probability 
of a car 
accident  







a car accident  
is 0.51 times 
lower. 
Probability of 
a car accident  
is 0.30 times 
lower. 
Probability of 
a car accident  
is 0.36 times 
lower. 
Probability 
of a car 
accident  








2)   Main Exposure: Brand 
Independent effect  
-   Brand: 
The vehicle brands Toyota, Nissan, Suzuki, Mitsubishi, Luxurious will be compared to 
the brand baseline: “Other”. The “Other” category includes vehicle brands not 
represented by the previous four categories such as Ford, Dodge, Renault, etc.  
Toyota: Compared to the brand “Other”, the probability of a car accident is 1.24 times 
higher for a Toyota vehicle. (NS) 
Nissan: For Nissan vehicles the probability of a car accident is 2.39 times greater than 
for the “Other” brand. 
Suzuki: Compared to the brand “Other”, the probability of a car accident is 0.48 times 
lower for a Suzuki vehicle. 
Mitsubishi: For Mitsubishi vehicles the probability of car accident is 1.69 times greater 
than for the “Other” brand. (NS) 
Luxurious: Compared to the brand “Other”, the probability of a car accident is 3.78 
times higher than for the “Luxurious” brands. 
Combinations for the exposure of Brand: Risk Profiles 
Six separate categories exist to represent the brand of the car: Toyota, Nissan, Suzuki, Mitsubishi, 
Luxurious and Other. The “Other” category includes brands of vehicles not represented by the 
previous five categories, brands such as Ford, Dodge, Renault, etc. The exposures: colour, type, 
years, and city will have one category that will be the baseline for comparison purposes.  
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Risk Profile: Brand and Insured Value 
Table 9. 
  	  	     Brand   	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value of the 
vehicle, the 
probability of 
an accident for 
a Suzuki 









value of a 
vehicle, the 
probability of 
an accident for 
a Mitsubishi 
vehicle is 0.95 
times lower 







value of a 
vehicle, the 
probability of 
an accident for 
a Luxurious 
vehicle is 0.86 
times lower 




Risk Profile: Brand and Colour 
This risk profile analyzes the impact of two exposures, vehicle colour and vehicle brand, on the 
probability of an accident. Here, the vehicle brand is the main exposure and the one to be combined 
with all the other exposures. The numerous combinations of vehicle colour and vehicle type yield 
different odds ratios, ratios are critical to the analysis. To understand how to read Table 10, one 
must note that an increase or decrease in the probability of an accident for the different colour and 
brand combinations is relative to the baseline exposure. The baseline exposure designates “white” 
for the colour of the vehicle. For example, the probability for a yellow Toyota vehicle is 113% 
higher than for a white Toyota vehicle. In other words, a yellow Toyota vehicle is 2.13 times more 
likely to have an accident than a white Toyota vehicle. (See Table 10.) 
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After analyzing the impact of car colour and type on the probability of an accident, the different 
risk profiles can be divided into three categories. The 3 categories, high risk, moderate risk, and 
no risk, are shown by different shades of colouring. Therefore, a yellow Toyota vehicle has a high 
risk profile. 
Table 10. 
    Brand       	  	  
Base Colour: White Toyota Nissan Suzuki Mitsubishi Luxurious 
Colour Yellow 
Probabilit
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1.5 






Risk Profile: Brand and City 
The next risk profile analyzes the impact of vehicle brand and city on the probability of an accident. 
In this case, the baseline city is “La Paz”. For example, the probability of an accident for a Toyota 
vehicle in Santa Cruz is 1.33 times greater than for a Toyota vehicle in La Paz. In other words, the 
probability of an accident for a Toyota vehicle in Santa Cruz is 33% higher than for a Toyota 
vehicle in La Paz. (See Table 11.)  
The relative riskiness of the different combinations of vehicle brand and city is again highlighted 
by colour gradients. For example, the likelihood o an accident for a Luxurious vehicle in Tarija is 




1.67 times greater than for a Luxurious vehicle in La Paz. It is 67% more likely for a Luxurious 
vehicle to have an accident in Tarija than in La Paz. Thus, a Luxurious vehicle in Tarija has a high 
risk profile.  
Table 11. 
    	  	     Brand   	  	  










of a car 
accident  
is 1.35 times 
higher. 
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of a car 
accident  
is 1.22 times 
higher. 
Probability of 
a car accident  
is 1.21 times 
higher. 
Probability 
of a car 
accident  











of a car 
accident  
is 1.28 times 
higher. 
Probability 
of a car 
accident  
is 1.45 times 
higher. 
Probability of 
a car accident  
is 1.19 times 
higher. 
Probability 
of a car 
accident  
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is 1.12 times 
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is 1.06 times 
higher. (NS) 
Probability 
of having an 
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is 1.15 times 
higher.(NS) 
Probability 
of having an 
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Risk Profile: Brand and Type 
The following risk profile analyzes the impact of vehicle brand and type on the probability of an 
accident. In the case, the baseline type is “Automobile”. Using Automobile as the baseline type, 
one can infer that the probability of an accident for a Toyota Pick-Up Truck is 0.78 times lower 
than for a Toyota automobile. (See Table 12.) 
Again, the relative riskiness of the different combinations of vehicle type and brand are highlighted 
by colour gradients.  
Table 12. 
	  	   	  	   	  	     Brand   	  	  




of having an 
accident  
is 0.78 times 
lower. 
Probability 
of having an 
accident  
is 0.60 times 
lower. 
Probability 
of having an 
accident  





is 0.64 times 
lower. 
Probability 
of having an 
accident  





of having an 
accident  
is 0.79 times 
lower. 
Probability 
of having an 
accident  
is 0.82 times 
lower. 
Probability 
of having an 
accident  





is 0.72 times 
lower. 
Probability 
of having an 
accident  






of having an 
accident  
is 0.38 times 
lower. 
Probability 
of having an 
accident  
is 0.28 times 
lower. 
Probability 
of having an 
accident  





is 0.29 times 
lower. 
Probability 
of having an 
accident  






Risk Profile: Brand and Years 
Finally, the next risk profile analyzes the impact of vehicle brand and the years of the vehicles on 
the probability of an accident. In this case, the baseline exposure designates “Between 0 and 20 
years” for the years of vehicle. Using “Between 0 and 20 years” as the baseline for years of the 
vehicle, one can infer that the probability of an accident for a 0km Toyota vehicle is 1.22 times 
greater than for a Toyota vehicle within the “Between 0 and 20 years” category. Therefore, a 0km 
Toyota vehicle is 22% more likely to have an accident than a Toyota vehicle within in the “Between 
0 and 20 years” category. (See Table 13.) 
Again, the relative riskiness of the different combinations of vehicle type and brand are highlighted 
by colour gradients.  
Table 13. 
    	  	     Brand   	  	  
Base Years: Between 0 











of a car 
accident  
is 1.33 times 
higher. 
Probability 
of a car 
accident  
is 1.32 times 
higher. 
Probability of 
a car accident  
is 1.67 times 
higher. 
Probability 
of a car 
accident  
is 0.95 times 
lower.(NS) 
  
More than 20 
years 
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of a car 
accident  
is 0.31 times 
lower. 
Probability 
of a car 
accident  
is 0.5 times 
lower. 
Probability of 
a car accident  
is 0.45 times 
lower. 
Probability 
of a car 
accident  





3)   Main Exposure: City  
Independent effect  
-   City:  
The cities La Paz, Santa Cruz, Cochabamba, Tarija and Trinidad will be compared to the 
city baseline “Other”. The “Other” category includes cities not represented by the 
previous five categories such as Potosi, Oruro, and Sucre.  
La Paz: For vehicles in La Paz, the likelihood of a car accident is 1.37 times greater than 
for a vehicle in the “Other” cities. 
Santa Cruz: For vehicles in Santa Cruz, the probability of a car accident is 0.63 times 
lower than for a vehicle in the “Other” cities. 
Cochabamba: For vehicles in Cochabamba, the likelihood of a car accident is 0.62 times 
lower than for a vehicle in the “Other” cities 
Tarija: For vehicles in Tarija, the likelihood of a car accident is 1.66 times greater than for 
a vehicle in the “Other” cities 
Trinidad: For vehicles in Trinidad, the probability of a car accident is1.36 times greater 
than for a vehicle in the “Other” cities. 
Combinations for the exposure of City: Risk Profiles 
Five separate categories exist to represent the city of the vehicle: La Paz, Santa Cruz, 
Cochabamba, Tarija, Trinidad and Other. The “Other” category includes brands of vehicles not 
represented by the previous five categories, brands such as Ford, Dodge, Renault, etc. The 
“Other” category includes cities not represented by the previous five categories such as Potosi, 
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Oruro, and Sucre. The exposures: colour, type, years, and brand of the vehicle will have one 
category that will be the baseline for comparison purposes.  
Risk Profile: City and Insured Value 
Table 14. 
  	  	     City   	  	  







value of a 
vehicle in La 
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probability of 
an accident is 
0.93 times 
lower than for 












of an accident 
is 1.05 times 
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is 1.05 times 
greater than for 











an accident is 
0.95 times 
lower than for 
a vehicle in the 
city category 
"Other". 








an accident is 
0.97 times 
lower than for 




Risk Profile: City and Colour 
This risk profile analyzes the impact of two exposures, vehicle colour and vehicle city, on the 
probability of an accident, with the city of the vehicle being the main exposure. To understand 
how to read Table 15., one must note that an increase or decrease in the probability of an accident 
for the different colour and city combinations is relative to the baseline exposure. The baseline 
exposure defines “white” for the colour of the vehicle. For example, the probability for a beige 
vehicle in La Paz is 51% higher than for a white vehicle in La Paz. In other words, a Beige vehicle 
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in La Paz is 1.51 times more likely to have an accident than it is for a white vehicle in La Paz. (See 
Table 15.) 
After analyzing the impact of car colour and city on the probability of an accident, the different 
risk profiles can be divided into three categories. The 3 categories, high risk, moderate risk, and 
no risk, are shown by different shades of colouring. Therefore, an orange vehicle in Tarija has a 
high risk profile. Given that is 2.27 more likely to have an accident than a white vehicle in Tarija. 
Table 15. 
      City     	  	  
Base Colour: White La Paz Santa Cruz 
Cochabamb
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Risk Profile: City and Brand 
The following risk profile analyzes the impact of vehicle brand and city on the probability of an 
accident. In the case, the baseline brand is “Toyota”. Using Toyota as the baseline type, one can 
infer that the probability of an accident for a Nissan vehicle in La Paz is 1.15 times greater than 
for a Toyota vehicle in La Paz. (See Table 16.) 
Again, the relative riskiness of the different combinations of the brand of the vehicle and the city 
are highlighted by colour gradients.  
Table 16. 
      City     	  	  
Brand Base: Toyota La Paz Santa Cruz 
Cochabamb
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Risk Profile: City and Type 
The next risk profile analyzes the impact of vehicle city and type on the probability of an accident. 
In this case, the baseline type is “Automobile”. For example, the probability of an accident for a 
Pick-Up Truck in La Paz is 0.70 times lower than for an Automobile in La Paz. (See Table 17.) It 
is interesting to notice that, for this risk profile having an automobile will always increase the 
probability of an accident more than any other type vehicle. 
The relative riskiness of the different combinations of vehicle city and type is again highlighted 
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Risk Profile: City and Years 
Lastly, the next risk profile analyzes the impact of vehicle city and the years of the vehicles on the 
probability of an accident. In this case, the baseline exposure is “Between 0 and 20 years” for the 
years of vehicle. Using “Between 0 and 20 years” as the baseline for years of the vehicle, one can 
conclude that the probability of an accident for a 0km vehicle in La Paz is 1.62 times greater than 
for a vehicle in La Paz within the “Between 0 and 20 years” category. Therefore, a 0km vehicle in 
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La Paz is 62% more likely to have an accident than a vehicle in La Paz within in the “Between 0 
and 20 years” category. (See Table 18.) 
Again, the relative riskiness of the different combinations of vehicle city and years of the vehicle 
are highlighted by colour gradients.  
Table 18. 
      	  	   City   	  	  
Base Years: Between 0 
and 20 La Paz Santa Cruz 
Cochabamb
a Tarija Trinidad 
Years  
of the car 
0km 
Probabilit
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VI.   Observed Results and Expected Results 
The following table compares the prior expectations with the observed results.  
Table 19. 
Exposure Expected Observed 
 
Type 
SUV’s will have the largest 
impact, followed by 
Automobiles, then Pick-Up 
Trucks 
Automobiles have the largest 
impact, followed by SUV’s, 
then Pick-Up Trucks 
 
Type/Colour 
Silver, Black, White and Red 
will have strong, positive 
relationships with the 
probability of a car accident 
Any Silver, Black, or Red 
vehicle has a higher 
probability of a car accident 





Strongest impact and 
relationship: Toyota 
Luxurious vehicles have the 
highest probability of an 
accident out of all other 
brand’s vehicles, followed by 
Nissan, Mitsubishi, and 
Toyota.  Compared to other 
brands, 
Suzuki has the lowest 




Santa Cruz will have the 
largest impact and 
relationship with the 
probability of an accident 
Compared to the other cities, 
Tarija has the greatest 
likelihood of an accident, 
followed by La Paz and 
Trinidad. Compared to the 
other cities, Santa Cruz and 
Cochabamba have a lower 
probability of an accident. 
 
Years of the vehicle 
A positive, strong 
relationship will exist 
between 0km vehicles and the 
probability of an accident. 
0km vehicles are twice as 
likely to have an accident 
than vehicles between 1 and 
20 years, and vehicles that 









Risk Profiles Combinations Observed Results:  
The next table is designed to analyze the observed results of the exposure combinations 
against the probability of an accident. The main exposure, the first exposure, is separated 
by a slash symbol, followed by the exposure to which it is combined with. 
Table 20. 
Exposure Observed Results 
 
Type/Colour 
Yellow, Orange, and Silver SUVs are over 
50% more likely to have an accident than 
white SUVs. These combinations of 








All the combinations showed a moderate or 
high risk profile compared to the baseline city 
of La Paz. In general, regardless of the 
vehicle type, driving a car in a city other than 
La Paz is associated with greater risk. The 
riskiest combination of exposure is a 
Transportation Truck in Trinidad, which is a 
combination that increases the probability of 
an accident by 87% when compared to 
Transportations Trucks in La Paz. The second 
riskiest combination is that of Transportation 
Trucks in Santa Cruz. Such a combination 
raises the probability of an accident by 67%, 




Any Mitsubishi vehicle has a higher 
probability of a car accident than any Toyota 
vehicle.  
Any Luxurious vehicle has a lower 
probability of a car accident than any Toyota 
vehicle.  
 
Type/Years of the vehicle 
0km vehicles increase the probability of a car 
accident for any type vehicle, while vehicles 
that are more than 20 years decrease the 
probability of a car accident.  
 
Brand/Colour 
Orange Toyota and Mitsubishi vehicles 
increase the probability of a car accident by 
113% and 87% when compared to white 
Toyota and Mitsubishi vehicles, respectively. 
These exposure combinations are the two 
riskiest combinations of exposures between 




Overall, regardless of the brand vehicle, 
driving in any city other than La Paz increases 
the probability of a car accident.  
Moreover, a Luxurious vehicle in Tarija is the 
riskiest profile within these exposures. Such a 
profile increases the likelihood of a car 
accident by 67% when compared to Luxuries 
vehicle in La Paz.  
 
Brand/Type 
With the expectation of a Suzuki 
Transportation Truck vehicle, all types of 
vehicles, regardless of their brands, have 
lower probabilities of car accidents when 
compared with automobiles.  
 
Brand/Years 
In general, 0km vehicles, regardless of their 
brands, increase the probability of an accident 







Although in general, all combinations 
between the vehicle colour and city of the 
increase the probability of an accident when 
compared to white vehicles, the riskiest 
profiles are in Tarija and Trinidad. Orange, 
Calypso, Beige, and Silver vehicles in Tarija 
increase the probability of an accident by over 
50% when compared to white vehicles in 
Tarija. Furthermore, beige and silver vehicles 
in Trinidad increase the likelihood of an 
accident by over 75% when compared to 
white vehicles in Trinidad. 
 
City/Colour 
In Tarija, all brand vehicles increase the 
probability of an accident when compared to a 
Toyota vehicle in Tarija. 
 
City/Type 
Regardless of the city, a Pick-Up Truck, 
SUV, or Transportation Truck will reduce the 
probability of an accident when compared to 
an automobile in any city. 
 
City/Years 
0km vehicles increase the likelihood of an 
accident by over 58% in La Paz, 





VII.   Conclusion 
There are five important conclusions about this thesis. First of all, automobiles increase the 
probability of an accident regardless of their city, brand or colour. In other words, having an 
automobile increases the probability of an accident more than any other vehicle type regardless of 
the brand and city where the vehicle is driven.  
Second of all, even though white vehicles have the largest proportion of the insured vehicles 
in the company with a 34 percent, accounting for the 27 percent of the total number of accidents. 
Red vehicles increase the probability of an accident by up to 25 percent for any vehicle type, up to 
51 percent for any brand and up to 31 percent in the cities of La Paz, Tarija and Trinidad. Moreover, 
in general Cranberry, Beige Silver, Black, and Blue vehicles increase the probability of an accident 
more than white vehicles regardless of the city, the brand, and the type characteristics of the 
vehicle.   
Likewise, with respect to the exposure “city”, La Paz is the safest city to drive any type vehicle 
regardless of the brand. It is also worth mentioning that, Santa Cruz, Tarija, and Trinidad have the 
riskiest profiles, increasing the probability of an accident by up to 67 percent for a Transportation 
Truck in Santa Cruz and up to 87 percent in Trinidad compared to La Paz. As for automobiles, the 
probability increases by up to 61 percent in Tarija compared to La Paz. In the same way, Luxurious 
vehicles show a high-risk profile only in Tarija, with a 67 percent increase in the probability of an 
accident compared to La Paz. Therefore, one can conclude that Tarija is the riskiest city to drive a 
vehicle regardless of the type, brand or colour of the vehicle.  
In addition, another significant result is the fact that any 0km vehicle will increase the 
probability of an accident regardless of the type, brand or city of the vehicle. The largest percentage 
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increment in Trinidad, increasing the likelihood of an accident by up to 75 percent for 0km 
vehicles.  
In addition, with these results and tables created in Section VI. one can conclude that the 
riskiest profile is the one of a Blue Luxurious 0km automobile in Tarija.  
Finally, the results of the thesis open to discussion the question of whether the relative increase 
or decrease in probabilities are reflected in the premiums that the company charges. It would be 
interesting to analyze whether the risk profiles created in this thesis act accordingly with their 
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3)   City as the main exposure: 
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